Context. For the evolution of large-scale structures in the Universe, it is unclear whether active galaxies represent a phase that each galaxy undergoes, and whether and to which extent the evolution of black holes at their centers is important. Binary black hole (BBH) systems may play a key role in our understanding of the above questions. Aims. We investigate the Caltech-Jodrell Bank flat-spectrum (CJF) sample to identify evidence that supports the merger-driven evolution scheme of active galaxies, and search for tracer-systems of active galactic nuclei (AGN) evolution and possible BBH candidates. We discuss the strength of and uncertainty in the evidence and formulate a set of selection criteria to detect such tracer-systems. Methods. We conduct an extensive literature search for all available multiwavelength data, particularly in the optical and infrared regime, and morphological information about the CJF sources. We perform a statistical analysis of the properties of this sample. Results. We find 1 ULIRG (Mrk 231) included in the CJF prototype of a transitory system. In total, 28.6% of the CJF sources with z ≤ 0.4 are distorted or have a companion. Given the unbiased sample used here, this provides strong evidence of the ubiquity of the merger phenomenon in the context of active galaxies. We find a correlation between the radio and the near-infrared luminosity of the high-luminosity sources, interpreted in the context of the interplay between a star-formation and AGN component. We find a connection between variability and evolutionary transitory systems, as selected on the basis of their near-infrared colors. We select 28 sources that trace the different evolution phases of an AGN, as well as a number of the most promising BBH candidates. We find 4 sources with almost periodical variability in the optical and radio on similar timescales.
Introduction
As one of the most prominent predictions of the theory of General Relativity, black holes have been at the center of astronomical research for many years. There is a large amount of indirect evidence that most, if not all, galaxies host a supermassive black hole (SMBH) in their center (e.g., Blandford 1986) . It is widely believed that this SMBH is the main constituent of activity in active galactic nuclei (AGN) (for a review see e.g., Begelman et al. 1984) . Although the mechanism that triggers this activity remains unknown, it has been argued by many authors (e.g., Hutchings & Campbell 1983; Sanders et al. 1988; Hopkins et al. 2006 ) that galactic mergers should play a predominant role in these processes.
In the context of the hierarchical model (e.g., Frenk et al. 1988) , galaxies with a binary black hole (BBH) at their center should be common systems (e.g., Merritt & Ekers 2002; Haehnelt & Kauffmann 2002) . These systems, although predicted in theory (Begelman et al. 1980 ; for a review on the evolution of BBH see Merritt & Milosavljević 2005) have been difficult to study. Only a few of them have been directly observed (e.g., Hudson et al. 2006; Komossa et al. 2003; Rodriguez et al. 2006) , while in a number of galaxies the presence of a BBH has been discussed (for an overview, see Komossa 2006) .
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It is important to identify additional BBH candidates. In this paper, we use the Caltech Jodrell-Bank Flat-spectrum (CJF) flux-limited sample of 293 radio-loud active galaxies to search for these systems, while looking for evidence of the mergerdriven evolution scheme for AGN and identifying AGN at different evolutionary stages. This is achieved by means of a multiwavelength analysis of the sample. This paper is organized as follows. In Sect. 2, we describe the CJF sample. In Sect. 3, we describe the different states of BBH systems, their properties, and the criteria to search for them in a large sample of sources. In Sect. 4, we present the criteria, tracers, with which we investigate the relevance of mergers in AGN. In Sect. 5, we present multiwavelength data for the CJF sample. In Sect. 6, we present the analysis of the data presented in Sect. 5. In Sect. 7, we present the candidates for different evolutionary stages and BBH systems. We conclude with a discussion in Sect. 8, a summary, and an outlook. Throughout the paper, we assume the cosmological parameters H 0 = 71 kms −1 M pc −1 , Ω M = 0.27, and Ω Λ = 0.73.
The CJF Sample
The CJF sample (Taylor et al. 1996) consists of 293 radio-loud active galaxies selected (see Table 1 ) from three different samples (for details, see Britzen et al. 2007b) . The sources span a large redshift range (see Fig. 1 in Britzen et al. 2008) , the farthest object being at a redshift z = 3.889 (1745+624; Hook et al. 1995) and the closest at z = 0.0108 (1146+596; de Vaucouleurs 1991) . The average redshift of the sample is z avg = 1.254, z BLLac,avg = 0.546, z RG,avg = 0.554, and z QS O,avg = 1.489 for BL Lacs, radio galaxies, and QSOs, respectively. All the objects have been observed with the VLBA and/or the global VLBI network. Each source has at least 3 epochs of observations and has been imaged and studied kinematically Britzen et al. 2007a; Britzen et al. 2008) . The X-ray properties have been studied and correlated with their VLBI properties (Britzen et al. 2007b ).
Binary black hole system properties and identification criteria
Binary black hole systems are expected to represent an intermediate evolutionary stage of, possibly all (Britzen et al. 2001 ), active galaxies, that are the result of a prior merger (e.g., Merritt & Milosavljević 2005) . The evolutionary track of bound BBH systems has been studied extensively (for a review, see Merritt & Milosavljević 2005) and is divided in three major phases:
-as the two host galaxies merge, the two black holes sink towards the center of the merging system through dynamical friction; -the two black holes form a bound binary system and continue to lose energy by means of gravitational interaction with the central stellar population and its surrounding gas; -and finally, after reaching a critical separation, the systems rapidly lose energy by means of gravitational radiation, leading to the coalescence of the two black holes.
As bound (or "hard") BBH systems, we consider a system of two black holes for which its binding energy per unit mass exceeds the kinetic energy of the stellar population in the nucleus of the system. From the above, we expect the BBH properties to be directly linked to the properties of the host galaxy and the activity of the resulting AGN. Given the distance of active galaxies and the timescales involved, one expects to observe BBH systems in the first two phases of their evolution, before or just after they have formed a bound pair. We are therefore interested in identifying and classifying systems that have recently or are currently undergoing a merger phase. According to simulations (e.g., Mayer et al. 2007 ), these systems exhibit complex morphologies because of the tidal forces exerted on the merging galaxies.
Ultra luminous infrared galaxies (ULIRGs) probably host an early, unbound BBH system because they are most likely to be merging systems and the precursors of AGN (Canalizo & Stockton 2001) , (as is the case of NGC 6240 and 3C 75, Komossa et al. 2003; Hudson et al. 2006) . Almost half of the ULIRGs observed so far exhibit nuclear emission lines, typical of LINER and Seyfert nuclei (e.g., Nagar et al. 2003) . All of the above phenomena can be linked together (Hopkins et al. 2006) , illustrating the connection between galaxy, and AGN in particular, evolution and BBH research.
Mergers are not the only systems in which searches for BBH systems have been performed. Binary black holes in the second stage of their evolution may reside in the nuclei of relaxed active galaxies, resembling to first order a single black hole AGN. Very Long Baseline Interferometry (VLBI) techniques have been used to map sources with complicated structures that have been explained in terms of a BBH (e.g., 0420-014, Britzen et al. 2001; 3C345, Lobanov & Roland 2005; 1803+784, Roland et al. 2008 . A BBH system may produce a precessing jet base (e.g., Yokosawa & Inoue 1985; Romero et al. 2003; Roland et al. 2008; Kaastra & Roos 1992 ) and thus a bent jet. The detected periodicities in the light curves may also be caused by a BBH (e.g., Lehto & Valtonen 1996; Sillanpaa et al. 1988; Qian et al. 2007; Caproni & Abraham 2004) . Finally, there is a number of more indirect evidence possibly connected to these systems (e.g., Komossa 2006 ).
Evolution criteria
We search for evidence supporting the connection between activity in galaxies and merger events. We also identify and classify candidate systems at different evolutionary stages using the following criteria:
-merger signs (morphological distortions, tidal tails, companions etc.); -excess infrared fluxes and starburst activity; -color information.
In the context of the merger-driven evolution of AGN, we search in addition for BBH candidates . We assume that BBH systems are created in systems that have undergone a merger. It is expected that unrelaxed (morphologically disturbed) systems host still unbound BBH systems, whereas bound pairs of black holes are expected to be found in more evolved systems (∼ 10 6 − 10 7 years after the merger, Begelman et al. 1980) . We use variability as a tracer of these evolved systems. Although the above do not provide robust evidence of a BBH system, they may be used as strong filters for selecting possible candidates.
Host galaxy signatures
Merger signs -We search for morphological information that would characterize a system that is about to, is currently, or has recently undergone a merger event. We use this information to illustrate the connection between activity in galaxies and merger events. Systems with close companions are the precursors of merging systems and represent the earliest evolutionary stages of these systems. In this context, we collect in addition clustering information about our sources, as sources in clusters have a higher probability of taking part in galaxy interactions and mergers. Tidal tails and other morphological distortions are used as explicit signs of current or recent merger activity.
Star-formation activity -A higher star-formation rate may be caused by merger events (e.g., Barnes & Hernquist 1991) . It is known that ULIRGs (Sanders et al. 1988 ) are considered to be a direct result of merger events (e.g., Sanders & Mirabel 1996) and are systems that are powered by a strong starburst component (e.g., Genzel et al. 1998) , although higher luminosity ULIRGs appear to be dominated by a nuclear component. We use starburst activity, as well as extreme infrared luminosities induced by intensive star formation, as additional evidence for systems possibly undergoing a merger.
Color information -We use the available near-infrared (HJK photometry) information to identify systems that are possibly associated with merger events. Owing to their high concentration of dust, merging systems appear redder in color than their non-merger counterparts or simple evolved stellar populations. We use this effect to identify evolutionary transitory systems.
Infrared emission -Infrared emission from active galaxies originates partly in the host galaxy of the AGN, as a result of thermal emission processes (thermal radiation from heated dust grains and gas). Part of the infrared emission also stems from non-thermal processes, namely synchrotron emission, produced by the same seed population of electrons that produces the radio emission of the compact core and the jets of AGN. Infrared emission can be, partially, used as a tracer of the thermal emission of the AGN host galaxy. High resolution infrared observations can potentially resolve the AGN host and reveal any peculiar morphological features, signs of tidal interactions.
Optical emission -The optical and UV continuum observed in AGN originate in the inner part of the galaxy, mostly from the accretion disk and its photosphere, and partly from the jet. The emission is predominantly thermal (as implied by the observation of the big blue bump, Krolik 1999) and, based on certain assumptions, the radiation resembles that of a black body, affected however by different absorption mechanisms. The non-thermal jet component may however dominate the total emission because of beaming effects. As in the infrared, any morphological disruptions may also be seen in the optical.
AGN signatures
Variability -Although variability can be induced by a number of different effects, almost periodical, multiwavelength variations in the lightcurves of objects point towards a periodic modulation in the nucleus of the system. Assuming that a hard BBH system is possibly the origin of these variations, we use multiwavelength variability as a tracer of hard BBH systems and thus late-merger (or merger-remnant) systems.
Radio Emission -Radio emission originates mostly in the compact core and jet of the active galaxy. It is produced by relativistic electrons, gyrating in a magnetic field, by means of synchrotron radiation. Radio properties of a source provide direct information about the properties of the AGN. The radio luminosity of an active galaxy can be used as a measure for its non-thermal, AGN component.
A more detailed discussion of the above can be found later on in Sect. 8.
Multiwavelength properties of the CJF sample
We present multiwavelength information about the CJF sources gathered from our extensive search of the available literature. We focus on the radio, infrared, and optical parts of the spectrum.
Radio emission
The CJF is a flux-limited radio-selected sample of flat-spectrum radio-loud AGN. Although originally created to study the kinematics of pc-scale jets and superluminal motion, the CJF represents an ideal sample for an unbiased study of the evolution of active galaxies. Unlike previously used samples in the same context, the radio-selection of the CJF allows us to exclude biases towards transitory systems (as in the case of infrared-selected samples).
The CJF sample (Table 1) has been most extensively studied in the radio regime (e.g., Taylor et al. 1996; Pearson et al. 1998; Britzen et al. 1999; Vermeulen et al. 2003; Pollack et al. 2003; Lowe et al. 2007; Britzen et al. 2007b; Britzen et al. 2007a; Britzen et al. 2008) . Britzen et al. (2008) develop a localized method for calculating the bending of the jet associated with individual components. The maximum of the distribution of local angles is at zero degrees, although a substantial fraction shows some bending (0 − 40 degrees). A few sources exhibit sharp bends of the order of > 50 degrees (see Fig. 13 in Britzen et al. 2008) . These morphologies on pc-scales (for a detailed discussion, see Britzen et al. 2008) can be explained in the context of a BBH system. A future paper will study the morphologies of the jets of the CJF sources and their evolution.
Although the CJF sample consists mostly of blazars, presumably highly beamed sources, the kinematical study of the sample identifies a large number of sources with stationary, subluminal, or, at best, mildly superluminal outward velocities (e.g., see Fig. 15 in Britzen et al. 2008) . Combined with a number of sources with inwardly moving components (e.g., 0600+422, 1751+441, 1543+517, Britzen et al. 2007a ), these sources do not fit into the regular paradigm of outward, superluminaly moving components in blazar jets. One explanation of these peculiar kinematic behaviors is that of a precessing, or helical, jet (e.g., Conway & Murphy 1993) as a result of a BBH system. Other interpretations include trailing shocks produced in the wake of a single perturbation propagating down the jet (e.g., Agudo et al. 2001 ; but also see Mimica et al. 2009 ), or standing re-collimation shocks (e.g., Gomez et al. 1995) .
Using the power spectral analysis method, Fan et al. (2007) Table 2 ) that have almost periodical behavior in their radio lightcurves. Seven additional sources exhibit almost periodical variability in their radio lightcurves, as found in the literature (in total 26 sources, 8.9% of the sample; Tables 2 and 3 for references). Intra-day variability is not considered here (see Sect. 8 for details).
Infrared emission
There has been ongoing discussion about the evolutionary connection between ULIRGs and AGN, with ULIRGs being assumed to be the predecessors of active galaxies by means of a merging process (e.g., Canalizo & Stockton 2001; Bekki et al. 2006; Riechers et al. 2008; Bennert et al. 2008; Hopkins et al. 2006) . We find that one source in our sample can be classified as an ULIRG (Mrk 231, Cao et al. 2008; Kim et al. 2002) . There are 101 sources (34.5% of the sample; Table 4) that have been observed and detected (we note that the presented data here are not statistically complete) in the near to far infrared by the Infrared Astronomical Satellite (IRAS, Clegg 1980 ) and the 2 Table 2 . CJF sources studied for variability across the spectrum. If available, we indicate the respective timescales. Columns (1)- (4) give the IAU source name, other name, the type of the source, and its redshift, respectively, Col. (5) gives the variability in the radio, Col. (6) in the infrared, Col. (7)in the optical, Col. (8) in the X-ray, and Col. (9) in the γ-rays. For references, see Table 3 .
Source
Other Names Type z Var Only a few blazars have extensive light curves in the infrared. We identify 12 sources (4.1% of the sample) with infrared variability (Table 2 ).
Optical emission
Almost all CJF sources (285 sources, 97.3% of the sample) have been detected in the optical (see Table 1 in Britzen et al. 2007b for magnitudes and redshifts).
We also investigate the CJF sample for the number of sources that belong to a cluster or a group of galaxies. Because of the large redshift span of the CJF, it is not possible to have cluster information for sources at high z (z > 1.5, e.g., Brodwin et al. 2008; Blakeslee et al. 2003) . We find 54 sources (18.4% of the sample) belonging to a cluster or group of galaxies (see Table   6 ). For z < 1, we calculate that 25.0% of the QSOs (z avg = 0.60), 33.3% of the radio galaxies (z avg = 0.27), and 29.4% of the BL Lac objects (z avg = 0.25) are found in clusters. We note that radio galaxies appear to be more often members of clusters. Hill & Lilly (1991) find a similar trend in their redshift range (e.g., see Fig. 11 of Hill & Lilly 1991) . Twenty-two sources (7.5% of the sample) show variable fluxes in the optical (intra-day variability has not been taken into account). Some of these sources have extensive enough lightcurves to calculate the timescales of this variability (see Table 2 ).
Analysis and results

Mergers in the CJF
Assuming that activity (whether nuclear or star-formation) in galaxies is indeed triggered by mergers, we expect to observe morphological distortions in the optical. If these struc- Lotz et al. (2008) , find that the peak in the morphological disturbances of the merging system happens just after the first pass of the two galaxies and after the actual merging of the nuclei of the merging galaxies. In-between, the system does not exhibit any quantitatively appreciable asymmetry. Merger-induced star formation can be used as evidence of merging systems in this intermediate phase.
We find 16 sources (5.5% of the sample, 11 radio galaxies, 4 BL Lac objects, and 1 quasar) exhibiting distortions in the optical and infrared (see Table 8 ). We find 14 sources (4.8% of the sample, 9 RG, 3 BL, and 2 Q) with one or more close companions (Table 8 ). The percentage of distorted sources or sources with companions is in good agreement with Hutchings & Campbell (1983) and Surace (1998) , who find that, for z < 0.4 a 30% of quasars show such properties (28.6% for the CJF). This underlines the ubiquity of these morphologically distorted systems and the importance of mergers in the AGN phenomenon. The angle to the line of sight assumed for radio galaxies (Urry & Padovani 1995) allows the investigation of the host galaxy, unlike in the case of BL Lacs and quasars, where the jet dominates the emission. This may explain the higher percentage of radio galaxies in the distorted sources. Moreover, their lower average redshift compared to the quasar sample, contributes to the above effect. Finally, with lower nuclear luminosity, radio galaxy cores do not outshine their host galaxies, thus facilitating these morphological studies.
Given the small number of CJF sources observed in the far-IR, information about the star-formation rates of these objects are scarce. Nevertheless, we find four sources that have signs of starburst activity (0316+413, Richer et al. 1993; 1254+571, Richards et al. 2005 1652+398, 1807+698, Condon et al. 2002 and one additional candidate (0248+430, Dudik et al. 2005) .
Finally, since we find one ULIRG (Mrk 231) in our sample, we can infer a percentage for the content of ULIRGs in the CJF sample. Counting only the IR detected sources, we have a 1.0% of the sample exhibiting very high luminosities in the far-IR (> 10 12 L sol . This number is a lower limit, given that not all CJF sources have been observed in the far-IR or are observable at their respective redshifts.
Luminosity correlations
In Fig. 1 , we plot the near-infrared (K band) luminosity against the K-corrected radio luminosity obtained by single dish observations at 5 GHz.
By measuring the infrared luminosity of our sources, we probe the stellar light of the active galaxies, as well as radiation from the dust and gas component of the sources. We are interested in the relation of this thermal component to the nonthermal one, given by the radio luminosity of the AGN. We find a broken correlation between these two quantities. The lower luminosity sources appear to have a near constant NIR luminosity independent of the radio core luminosity. A standard linear regression infers a slope of 0.18 ± 0.12 with a correlation coefficient of 0.35. For higher luminosities, a linear dependence is found. A slope of 0.80 ± 0.11 with a correlation coefficient of 0.79 is given by standard linear regression. Following Browne & Murphy (1987), we examine in addition the correlation between L radio /L NIR and both L radio and z. We find a stronger correlation with L radio (correlation coefficient of 0.788) than to z (correlation coefficient of 0.498). This leads us to believe that the correlation is not an artifact of luminosity evolution. The large scatter of the data is expected, because of significant variability of active galaxies and the radio and infrared observations not being contemporaneous. Rieke (1978) was first to confirm a correlation between NIR and radio continuum for a sample of Seyfert galaxies. This indicates that the infrared output of Seyfert galaxies is dominated by reradiation from dust in the host galaxy. In this context, we find that higher luminosity sources are more dominated by their AGN component (as traced by the radio luminosity), than lower luminosity sources, for which an excess NIR luminosity is found. This excess is measured relative to the luminosity predicted by the linear dependency seen for higher luminosity sources and indicates that there is significant infrared output from star for- Table 4 . CJF sources observed and detected in the near infrared. Column (1) gives the IAU name of the source, Col. (2) the type of source (Q=Quasar, BL=BL Lac object, G=Radio Galaxy), Col. (3) the redshift z, Cols. (4)- (6) mation regions that dominates over nuclear infrared emission. Therefore, higher redshift detected (effectively, higher luminosity) sources are less likely to be found in a transitionary evolutionary stage, since their spectrum is exclusively dominated by their nucleus, effectively outshining and hiding any effects of an ongoing merger.
AGN near-IR colors
In the same context as above, we are interested in investigating the interplay between the star-formation and nuclear component in the sources of our sample. For this reason, we calculate the near-infrared colors of the sources with available data, after correcting all magnitudes (HJK bands) for Galactic extinction (from Schlegel et al. 1998) . From these, we construct the near-IR color-color diagram seen in Fig. 2 . The lines for a black body Kotilainen et al. (2005) and a power-law emitting body divide the color-color parameter space into three regions. Sources situated above the black-body line are predominantly thermal emitters. Sources beneath the power-law line are dominated by non-thermal emitting mechanisms. For sources between the two lines, both components are important.
In Fig. 2 , we separated blazars from radio galaxies according to the different nature of these objects. We anticipate that radio galaxies are dominated by emission originating in their host galaxies. Indeed 8 out of the 11 radio galaxies depicted in Fig. 2 are situated above the black-body line. Radio galaxies appear significantly redder in both J-H and H-K colors with (J − H) avg,RG = 2.2 ± 1.1 and (H − K) avg,RG = 1.8 ± 1.1. With the exception of nine sources, the remaining blazars are situated beneath that same line, most being situated around and beneath the power-law line.
We are particularly interested in the sources found in the space between the two lines, hence showing transitory properties from a thermal emission dominated state to a non-thermal dominated one. Indeed blazars in this transition area, with an average H-K color of (H − K) avg = 0.814 ± 0.027, are considerably redder than their equivalents found above the black-body line ((H − K) avg = 0.19 ± 0.05), sign of an excess of dust leading to the observed reddening.
In the previous section, we inferred a possible connection between multiwavelength variability, binary black holes, and hence Maoz (1995) post-merger or merger-remnant systems. We test this connection using the near-IR color properties of our sources. We divide our sources into three groups, as defined by the two lines seen in Fig. 2 . We find that 42.9% of the sources situated between the black-body and power-law lines, effectively sources assumed in a transition from a merger (a system that is dominated by its thermal emission) to an active galaxy (a system that is dominated by its non-thermal emission), are variable at different wavelengths. Only 11.1% and 10.5% of the sources above the black-body line and below the power-law line, respectively, show variability.
Tracing the evolution in the CJF
One aim of this paper is to study the possible evolutionary stages of the AGN in the CJF sample. Different subsamples of the CJF, and the individual sources within them, can probe these different evolutionary stages. Mergers, starburst activity, and BBH systems are integral parts of this study. One of the most prominent examples supporting the link between starburst and BBH systems is NGC 6240, one of few sources directly observed to have a binary core (Komossa et al. 2003) . This system is an ULIRG, hosts two AGN, and also clearly exhibits ongoing starburst activity, making it an archetype of the evolutionary scenario discussed here.
By selecting sources with a companion, one can investigate the earliest stages of the merging process. Accordingly, by se- Fig. 1 . Luminosities in the near-infrared as a function of the radio luminosity at 5 GHz, from single dish observations with the Green Bank radio telescope (data from Gregory & Condon 1991) . Linear regression fits for the low radio luminosity (dashed line) and high radio luminosity (continuous line) CJF sources are shown.
lecting the sources with disturbed morphologies and large infrared fluxes, we probe an intermediate phase (e.g., Mrk 231). Finally, sources with relaxed morphologies but almost periodic variability at multiple wavelengths are likely to represent systems in which an assumed BBH has sunk to the center of the system. Lotz et al. (2008) conducted simulations of equal-mass gasrich mergers, classifying the sources into six distinct merging phases: pre-merger, first pass, maximal separation, merger, postmerger, and remnant. Using this classification scheme for our sources, we classify objects into pre and post-merger stages.
The incompleteness of the information available about our sample does not allow us to make unambiguous claims for the classification of some sources (especially when differentiating between for example either pre-merger and maximal separation, or post-merger and remnant classes). Among the distorted sources, those with companions can be classified as either a premerger or maximal separation phase, while those with no com- Near-infrared color-color diagram for all CJF sources with available information. We plot the lines for a power-law emitting body (continuous line) and for a black body (dashed line). We note blazars with open symbols (circles for BL Lac objects and triangles for the quasars) and radio galaxies with filled ones (see text for details).
panions can be categorized as being in either the first pass, the post-merger, or remnant phase. For the last group, this translates, roughly, to an age of 2-4 Gyr after the initial approach of the progenitor systems. Exceptions to the above constitute four sources (3C 84, Mrk 231, 3C 371, and Mrk 501) that exhibit both distorted morphologies and considerable starburst activity (e.g., Richards et al. 2005; Condon et al. 2002) . These characteristics put them in the merger phase and would constrain their age to be < 2 Gyr after the initial approach.
In Table 9 we indicate the 27 most suitable representatives of different evolutionary phases (following Lotz et al. 2008) . Sources with companions but no sign of disturbed morphologies, are selected as pre-merger systems. Sources with disturbed morphologies but no companions and no apparent starburst activity, are assigned to the first pass phase when the two systems are at a minimum separation for the first time. The next phase corresponds to that of the maximal separation between the merging systems. For this phase, sources with disturbed morphologies and detected companions are selected. Sources identified as undergoing the first pass may also be merger remnants. More information is required to make this distinction.
In the context of BBH systems, the last two categories shown in Table 9 are the most interesting, as we expect the SMBH at the centers of the merging systems to be close enough for the gravitational pull to bind them together. For the merger phase, we select sources that have disturbed morphologies and also show signs of ongoing starburst activity (similar to Mrk 231). For the final category we select sources that appear extremely variable across their spectrum (variable in at least 3 different wavelength regimes) in an almost periodic manner. These sources do not show signs of ongoing interaction, merging (apart from 1418+546, see Individual Sources), or starburst activity. These are probably BBH systems. In the context of the above categorization, we can identify these sources as possible post-merger systems.
At least three of the sources in Table 9 (0954+658, 0108+388, and 0248+430) cannot be unambiguously categorized as one evolutionary phase, as they exhibit properties common to more than one stages of evolution. Sources selected in the last two categories (merger and post-merger) are the most likely BBH candidates in the CJF sample. We plot their NIR colors in Fig. 3 . As expected, most candidate sources are found to be above the power-law line, while most post-merger classified sources (selected solely by their variability properties) are found just above the power-law line, in the transitory area of the colorcolor diagram. This provides us with an additional selection tool for transitory systems (see Sect. A).
Discussion
In previous sections, we have presented the accumulated literature information available for the CJF sources and a sample of CJF sources that trace AGN evolution, indicating the most likely BBH candidates among them. We now investigate the criteria used to identify candidates as BBH systems. It is interesting to discuss which subset of these criteria can provide us with a robust enough argument for the existence of a BBH.
Anticipated AGN properties
Before we proceed with the discussion, we are interested in assessing the completeness of the information for the CJF sample presented here, as these were collected from the available literature and are not the result of a uniform observational campaign. To achieve this goal, we create two subsamples of CJF sources. For the first one, we selected sources with available near-infrared information, as this information was primarily presented and analyzed in this paper. In addition, we excluded sources without redshift information. We identified 74 of these sources, the number of sources being explicitly controlled by the availability of infrared information (see Table 4 ). For the second subsample, we selected those CJF sources that have been observed and have available information across the whole spectrum (radio to γ-rays). We found only 10 of these sources, the number of sources mainly being regulated by availability of γ-ray information (see Table 10 ).
Near-IR subsample
This subsample, having been selected on the basis of detection in the near-IR, is expected to be more sensitive to infrared bright sources and consequently have a higher probability of containing sources associated with merger events. This bias should be accounted for. We begin by investigating whether this subsample is differs fundamentally from the CJF sample from which it was selected. The subsample has an average redshift of z avg,sub = 0.864, effectively probing more nearby sources than the CJF (z avg,CJF = 1.254). We also check the radio spectral index α 4800 1400 , a measure of the compactness of the sources. The sub- sample has lower average and median values of the index than the whole sample. This indicates that this subsample contains less compact objects. Finally we check the range of luminosities for which almost complete information for the CJF is available (in radio, optical, and X-ray) for both the subsample and the CJF as a whole. In both samples, we find that the ranges are the same for all three different wavelengths. We conclude that this Fig. 3 . Near-infrared color-color diagram for the sources included in Table 9 with available information. We plot the lines for a power-law emitting body (continuous line) and for a black body (dashed line). We note two objects (Mrk 231, NGC 3894) of interest due to their transitionary nature (see text for details).
subsample probably contains sources that are closer and more extended but is otherwise quite similar to the CJF. In the context of merger-driven evolution, we find that 18.9% of the sources in this subsample, exhibit morphological distortions and starburst activity. Eleven sources (14.9%) are found to have companions. Compared to the CJF sample in total (5.5% of sources exhibit distortions; 4.8% have companions), merger effects appear to be more prominent in this subsample, as expected. However, the more than three times higher percentage of distorted sources and sources with companions than the CJF as a whole indicates that the true number of these sources might be higher than currently believed.
We are also interested in the variability properties of this subsample: 22.7% of the sources are variable in the radio, 13.3% in the infrared, 18.7% in the optical, 6.7% in the X-rays, and 12.0% in the γ-rays. For most of these sources and wavelength regimes (with the exception of infrared and γ-rays), periodicities have been found in their lightcurves (see Tables 2 and 3 for timescales and references). Compared to the total CJF sample, these sources appear to be significantly more variable. This is an unexpected result, as nothing in our selection criteria and the properties of this sub-sample implies a bias towards more variable sources.
Multiwavelength subsample
This second subsample was selected to assess how our results (concerning the importance and relevance of merging events and variability for active galaxies) is affected by the availability of multiwavelength information (or lack thereof). Given the very small number of the sources included in this subsample, a statistical comparison to the whole sample is difficult. The average redshift of this subsample is z avg,sub = 0.689, and the subsample consists almost entirely of blazars (with the exception of 3C 84).
In the context of merger-driven evolution, we find that for this subsample, 17.6% of the sources (all of which are at z<0.05) exhibit morphological distortions and starburst activity. One source (9.1%) is found to have companions. Compared to the CJF sample in total, merger effects appear to be more prominent in this sub-sample. One must again take into account that the average redshift of the CJF sample is z avg,CJF = 1.254, much higher than this subsample. However, the more than three times higher percentage of distorted sources compared to the CJF as a whole indicates that the true number of these sources is higher than currently believed.
The variability properties of this subsample are: 81.8% of the sources are variable in the radio, 45.4% in the infrared, 72.7% in the optical, 27.3% in the X-rays, and 81.8% in the γ-rays (see Tables 2 and 3 for timescales and references, respectively). Compared to the total CJF sample, these sources appear to be highly variable, in an almost periodical manner. This can be explained as a bias effect, as sources that are highly variable in one waveband are more likely to be targeted for observations in other wavelengths. Alternatively, one can argue that (periodical) variability is an ubiquitous phenomenon for a large portion of active galaxies. The latter is also supported by the high percentages of variable sources detected for the first sub-sample. Multiwavelength variability, however, can only be detected by extensive (and therefore time-costly) monitoring of a source, thus effectively reducing the number of known sources with such properties.
For both subsamples, we find rather high percentages of sources with signs of past, present, or future merger events, as well as sources with variable fluxes at different wavelengths. Although the criteria used to select these two subsamples were different, the resulting percentage of sources with merger signs are the same for both subsamples, significantly higher than the percentage for the whole CJF. This implies that because of the incompleteness of the information available to us (due to both a lack of observations and instrumental limitations), the percentage of active galaxies found to be linked to a merger event in our sample is only a portion of the true number, thus is only a lower limit. If the percentage calculated for the two subsamples were closer to the true percentage, we would expect approximately 50 CJF sources to have been found taking part in a merger event and 31 sources having close companions. From the available information, we have found 15 and 11 sources, respectively.
Periodicities in the lightcurves
Having concluded that this statistical analysis of the CJF can provide us with only lower limits for, e.g., the percentage of mergers in our sample of active galaxies, we can now discuss the criteria used to identify BBH systems.
Periodicities in the lightcurves can be linked to a periodic process at the center of an AGN, presumably a binary system with a quasi-stable orbit that produces periodical perturbations in the accretion disk and the jet of the AGN (e.g., Lobanov & Roland 2005; Qian et al. 2007; Rieger 2004; Roland et al. 2008; Britzen et al. 2009, in press ). However, this is not the only possibility.
Precession of the jet has been employed to explain a variety of phenomena including the variability that AGN show at different wavelengths (e.g., Caproni & Abraham 2004; Roland et al. 1994 ). An intrinsically helical jet can also exhibit the same morphological and kinematical results (for a study of the different kind of helicities in AGN jets, see Steffen 1997) . Helicity in AGN jets may be the result of internal Kelvin-Helmholtz instabilities and in particular the m = 2 helical mode of the K-H instabilities (for a 2-D treatment of the problem see e.g., Baty et al. 2003 ; alternatively, see Perucho et al. 2006; Meier & Nakamura 2006) . Doppler beaming may also cause the observed variability in the lightcurves of AGN. Camenzind & Krockenberger (1992) first described the so-called lighthouse effect. This model has been successfully applied to different sources (e.g., 3C 273, Camenzind & Krockenberger 1992; 3C 345, Schramm et al. 1993) . Different physical phenomena are described by different characteristic times. The BBH and precessing jets can describe periodicities of the order of 10 years (see references above), whereas lighthouse models tend to explain the intraday variability, also observed in many blazars (for a review, see Wagner & Witzel 1995) . Intra-day variability can also be explained by interstellar scintillation (for a review, see e.g., Rickett 1990 ; also see Melrose 1994) , in addition to BBH models (Roland et al. 2009) .
Correlated variability at different wavelengths implies that the same population of particles produces this variability, thus pointing to an intrinsic effect, rather than, for example, a turbulent screen between the observer and the observed source. One of the most prominent sources displaying correlated variability at different wavelengths is 0716+714 (radio and optical) (Quirrenbach et al. 1991; Wagner et al. 1996) . The source OJ287 is another famous example, that has correlated variability in the radio, optical, and infrared (see e.g., Fan & Lin 1999) . OJ287 is a prominent candidate BBH system (Sillanpaa et al. 1988; Lehto & Valtonen 1996; Pietilä 1998; Valtonen et al. 1999; Liu & Wu 2002; Valtonen 2007) .
We categorized possible post-merger candidates as sources that exhibit almost periodic variabilities in their lightcurves ( Table 9 ), assuming that a BBH causes the variability at different wavelengths. Indeed we find that variability is connected to transitory systems as they are defined on the near-IR color-color diagram. In Table 2 , we indicate the variability timescales where available. Out of 9 post-merger classified sources, 4 sources (0716+714, 1101+384, 1641+399, 220+420) show almost periodic variability with similar timescales (∼ 10 years) in the radio and optical. These are candidate hard BBH systems. More detailed investigation of their radio jet morphology may provide us with additional information.
Infrared emission, merging scenarios, and starbursts
The infrared emission from an AGN consists of different components, coming from different parts of the nucleus. Distinguishing and separating these constituents (accretion disk, thermal, and jet, non thermal) is not straightforward. Both components would be affected by a BBH system, since both would precess under the gravitational influence of the binary, although possibly on different timescales.
In light of the merger-driven evolutionary scenario, we investigate whether there is a connection between an excess in the infrared regime and sources with companions or sources that exhibit disrupted morphologies. For 16 sources with peculiar morphologies, we calculate an average infrared (K band) luminosity log(νL ν ) NIR,avg = 44.17 ± 0.14 erg/s for an average redshift of z avg = 0.41. We also calculate the average luminosity in the NIR for sources that are found to have companions log(νL ν ) NIR,avg = 44.61 ± 0.21 erg/s, for 11 sources with a z avg = 0.34. Defining a subsample of the CJF sources with similar average and median redshifts (z avg = 0.38), we find log(νL ν ) NIR,avg = 44.5 ± 0.1 erg/s. Sources with disturbed morphologies are of below average near-infrared luminosity, in contrast to sources with companions that are on average and within the errors, equally luminous to the rest of the sample. The available data do not show a prominent near-IR excess for AGN with perturbed morphologies as would be expected. The lack of midand far-infrared data does not allow us to extend this over the whole infrared range.
Mrk 231 is an ULIRG, classified as a broad line quasar (BLQ) and a type 1 Seyfert. The system shows signs of an ongoing interaction and merger (Canalizo & Stockton 2001; Petrosian et al. 2002) . The galaxy hosts an AGN, with a Seyfert 1 spectrum, but is however also classified as a quasar. The source exhibits strong starburst activity (Richards et al. 2005) , which indicates that it has undergone a merger. The source has been studied in X-rays, where it exhibits extended emission, in addition to a hard spectrum central source that remains unresolved and is off-center to the extended X-ray halo. An offnuclear source has been detected at X-rays at a distance of 6 ′′ (Gallagher et al. 2002) . Mrk 231 has been studied for variability at different wavelengths. It has been found to be variable in the X-rays (Gallagher et al. 2002) , optical (in the absorption lines; Kollatschny et al. 1992) , and radio (Ulvestad et al. 1999b) .
Mrk 231 was observed in three epochs (Sep 1992 , Sep 1994 , and Aug 1996 with the VLBA. The source remained unresolved during all three epochs (see Fig. 4 ). Ulvestad et al. (1999b) and Ulvestad et al. (1999a) however detected a pc-scale jet consisting of one component moving at sub-luminal speeds. Carilli et al. (1998) present strong arguments for the existence of a sub-kpc molecular disk formed in Mrk 231. The above properties point to a young AGN, created by a recent merger that has formed a molecular disk fueling gas into the nucleus of the newly formed AGN and a young radio jet, which agree well with the merger-driven evolution scenario (see also, Hickox et al. 2009 ).
We note that 1146+596 is somewhat similar to Mrk 231. This low redshift (z=0.011) radio galaxy appears to be extremely luminous in the near infrared (Skrutskie et al. 2006) . It shows signs of ongoing interaction (Pustilnik et al. 2001) to which the infrared excess can be attributed. Moreover, Peck & Taylor (1998) detect redshifted H I gas in absorption, which appears to represent infall of gas towards the central engine.
In the above context, for the merger phase (in Table 9 ) we select sources that appear disturbed and also show signs of ongoing starburst activity (Mrk 231, 3C 84, Mrk 501, 3C 371). These are primary candidates for BBH that have not yet sunk into the center of the merging system (similar to NGC 6240). Most of these sources exhibit variability at different wavelengths. Three sources (0316+413, 1418+546, 1652+398) show almost periodic variability in the radio. 0316+413 and 1652+398 are in addition members of clusters and therefore good candidates to be multiple merger systems.
We note here the ambiguity of the classification of sources into the different pre-merger stages (Table 9 ). Starburst activity is the defining, although not unambiguous, property of identifying systems that are currently undergoing a merger, the alternative evidence discussed above being a weaker selection criteria.
Binary black holes in the CJF
We find 9 sources in the CJF sample that have been previously argued to be good BBH candidates. We present these sources in Tables 11 and 13 , along with the relevant references.
We compare the luminosities of these systems individually with the average luminosities at different wavelengths of a subsample of the CJF with similar median redshifts. All 9 sources are found to be significantly more luminous in X-rays. Two of these 9 sources (4C 37.11, BL Lac) are found to have above average K-band luminosity, possibly indicating a younger age for these sources. These two sources are fainter in X-rays than the remaining 7 sources. According to Sanders et al. (1988) , after a Table 11 . Kinematic and morphological information for CJF sources already considered to be BBH candidates. Columns (1)- (4) as in previous tables, Col. (5) shows the sources with X-ray detected jet, Col. (6) gives the misalignment angle between the pc and the kpc-scale jet of the source, Col. (7) indicates the bending as calculated in Britzen et al. (2008) for the inner-most component identified in the jet, Col. (8) gives references related to the environment of the source such as a companion or an interaction with other systems, Col. (9) comments on the general kinematics of the pc-scale jet, Col. (10) gives the reference for possible precession models for the source, and Col. (11) gives the references in regard to possible BBH. For references, see merger has taken place, the peak of the SED of the system is pushed towards higher frequencies, as the AGN blows away any obscuring material remaining from the merging phase. This is another indication that 4C 37.11 and BL Lac are indeed in an earlier evolutionary stage than the other BBH candidates.
In addition, we note that all BBH candidates exhibit periodicities across the spectrum. We find that 7 out of the total of 9 sources have bent VLBA jets. Out of the sources in Table 11 , 6 sources belong to a cluster or have a companion, illustrating the higher probability of these sources to harbor a BBH system.
Conclusions
The focus of this work has been twofold: (i) to investigate the evolutionary connection between active galaxies and merger events, and (ii) identify AGN candidates at different evolutionary stages, including binary black hole system candidates. To this end, we collect and present multiwavelength information about the CJF sources.
From the previous analysis, it becomes apparent that mergers or merger-induced effects (starburst activity) are ubiquitous in active galaxies. With almost 30% of our sample showing evidence of interactions at z< 0.4 and with indications that more such systems exist, although not yet observed, mergers appear to play a predominant role in the evolution not only of galaxies but AGN as well. We note here the importance of the absence of any biases towards transitory systems in the selection criteria of our sample. This supports a direct link between merger events and active galaxies in general. Furthermore, we show that multiwavelength variability may be linked to transitory systems. Assuming that multiwavelength variability originates in binary black hole systems, this provides an additional link between merger events, binary black holes, and active galaxies, as well as a possible identifier of these sources.
Following the merger-driven evolution scheme, we have also presented a first subsample of 28 CJF sources that are good tracers of evolution in AGN. We find at least 14 promising BBH candidates at different points in their evolution (5 in an unbound and 9 in a hard state). Classification of these sources cannot be unambiguous, given the lack of complete information. Additional observations are needed to clarify their true nature.
Following arguments from both analytical and numerical simulations, it is anticipated that binary black holes should form during merger processes. We show that at least 13.6% of the CJF sources exhibit variability at different wavelengths (not including IDV), most of them being almost periodic. We show that most of the previous BBH candidates are highly variable across the spectrum, showing the tight connection between the two phenomena. The morphology and evolution properties of the AGN jets can also be linked to the evolution scheme and BBH systems. The morphology of CJF jets and its evolution will be studied in detail in a future paper. More specifically, we find that:
-one CJF source (Mrk 231) has been classified as an ULIRG. Its properties fit well in the merging paradigm of AGN. We also note that the similar source 1146+596, which has a high luminosity in the near-infrared, is probably a merging system. Both sources are primary BBH candidates. -a correlation between radio luminosity and NIR luminosity exists. This is qualitatively explained in terms of reradiation of the non-thermal AGN emission. Low luminosity AGN appear to have a near-constant NIR luminosity. -4.4% of the sample exhibit distortions in their optical images, signs of ongoing or recent interaction, and that 3.1% possibly have a companion. For z < 0.4, we have found that 28.6% of the CJF sources have either distortions or a companion, in excellent agreement with Hutchings & Campbell (1983) and Surace (1998) . -the above listed conclusion, combined with the unbiased selection criteria of the CJF sample towards transitory systems, imply that merger events are indeed important to the evolution of active galaxies -multiwavelength variability appears to be linked to systems undergoing a transition from a thermal to non-thermal emission-dominated spectrum. This may be connected to the presence of a bound binary black hole in the nucleus of these systems. -following the categorization of Lotz et al. (2008) , we have selected the best candidate sources from our sample for different evolutionary phases. We have also selected sources as the best candidates in our sample for BBH systems.
More in-depth optical and infrared observations are needed, to unambiguously distinguish between different phenomena. High quality infrared data (mid and far) of our objects would provide us with the means to pinpoint the true position of each object on the assumed evolution track of galaxies. Alternatively, high resolution observations of those sources with multiwavelength variability would help us to model the possible existence of a binary black hole in these systems.
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Appendix A: Notes on individual sources
Here we present additional information about individual sources from our subsample in Table 9 . For references, we refer to the respective tables.
Pre-merger:
We classify as pre-merger sources systems that have a companion but do not have distorted morphologies: 0954+658 (BL Lac, z = 0.368): Besides its companion (at a projected separation 474 kpc), this source exhibits periodicity in the optical, and variability in γ-rays. It has a bent jet on both VLA and VLBA scales. This is a misaligned source. The nature of this object is ambiguous, as it may also be classified as being in the post-merger phase. 2021+614 (OW 637) (quasar, z = 0.227): Has a companion at a projected distance of 36 kpc. Its VLBA jet exhibits peculiar morphology, while its VLA jet is unresolved. 2352+495 (OZ 488) (radio galaxy, z = 0.237): Has a companion at a separation of 47 kpc. Its VLBA jet is bent, and VLA jet is unresolved.
First pass:
We classify as first pass sources systems that have distorted morphologies but neither a visible companion nor signs of ongoing starburst activity: 0018+729 (radio galaxy, z = 0.821): This object appears to be distorted in the optical. On VLA scales, there is no jet resolved, while on VLBA scales the jet appears to be bent. 0108+388 (OC 314) (radio galaxy, z = 0.669): Source with disturbed morphology in the optical. Exhibits a straight jet on both VLBA and VLA scales. 0804+499 (OJ 508) (quasar, z = 1.432): Distorted morphology in the NIR. This source is variable in the radio. Exhibits bent VLBA jet and diffuse emission on VLA scales. 1146+596 (NGC 3894) (LINER, z = 0.011): Disturbed morphology in the optical. This source is positioned in the thermal regime on the NIR color-color diagram (see Fig. 3 ), confirming its transitionary phase. The above indicates that the system has possibly undergone, or is undergoing, a merger. The radio jet appears straight. A VLA jet is unresolved.
Max separation:
In this phase, we classify sources that show distorted morphologies along with the existence of a companion, but no ongoing starburst activity. Distinguishing between pre-merger, first-pass, and max separation phases can be ambiguous: 0402+379 (4C 37.11) (radio galaxy, z = 0.055): This object is both disturbed (in the optical) and has a close companion galaxy (projected distance 29 kpc). Its VLBI jet is bent. Diffuse radio emission is seen on VLA scales. Variable in the radio. It is positioned in the thermal regime of the color-color plot. This object can also be classified as a transitory object between the max separation and merger phase. 0710+439 (OI 417) (Seyfert, z = 0.518): Disturbed optical morphology source with companion (projected distance 53 kpc). Bent VLBA jet. 0831+557 (4C 55.16) (LINER, z = 0.24): Possibly optically disturbed source with a companion (at a separation of 81 kpc). On VLBA scales, the jet appears bent, while on VLA scales the jet and counter-jet appear misaligned. 1031+567 (Seyfert 2, z = 0.46): Disturbed morphology in the NIR. A companion was found in the optical (projected separation of 65 kpc). Shows straight VLBA jets. Unresolved VLA jet. 1823+568 (4C 56.27) (BL Lac, z = 0.664): Source exhibiting non-relaxed isophotes in the NIR, indirect sign of past merger activity. A possible close companion is also observed (projected distance of 46 kpc, no redshift information). The source is variable in the radio and was claimed to show almost periodicity. On VLBA scales, the jet appears fairly straight, while on VLA scales the jet appears to be misaligned with the inner jet. 1843+356 (radio galaxy, z = 0.764): Disturbed morphology source (optical) with companion (projected distance 129 kpc). Straight VLBA jet, unresolved on VLA scales. 1946+708 (radio galaxy, z = 0.101): This object appears to be disturbed in the optical. A possible companion galaxy (no redshift information available) is also observed at a projected distance of ∼ 67 kpc, thus we classify it as a max separation object. Its VLBA jet is highly bent. In the color-color diagram, it is positioned in the non-thermal regime. This may be caused by a misclassification. That the source is a merger remnant is the most plausible alternative.
Merger:
In the merger phase, we classify sources that exhibit distorted morphologies and also ongoing starburst activity: 0248+430 (quasar, z = 1.31): This source exhibits signs of starburst activity (e.g., Dudik et al. 2005) , while at the same time it is very luminous in both the optical and the X-rays. At a redshift z = 1.31, the source is not optically resolved. 0316+413 (3C 84) (radio galaxy, z = 0.018): Disturbed morphology source (optical) with companion (projected distance 600 kpc). This source is positioned in the thermal region of the color-color plot and shows ongoing starburst activity. Both the VLBA and VLA jet of this source appear bent. This is a primary candidate for a merging system. It is periodically variable in the radio, optical, and X-rays. 1254+571 (Mrk 231) (quasar, z = 0.042): This object is an ULIRG and is positioned in the transitory region of the colorcolor diagram. It exhibits starburst activity (see Sect. 8 for more details). There is no jet resolved on either VLBA or VLA scales. Mrk 231 fits well into the evolutionary scenario proposed by Sanders et al. (1988) occupying a transitory phase between a merging system and an active galaxy. Combined with its variability (radio, optical, and X-rays), we argue that this is a late merger object, moving into the post-merger phase. 1652+398 (Mrk 501) (BL Lac, z = 0.034): This source is almost periodically variable at all wavelengths checked. It exhibits a disturbed morphology (optical) and is positioned in the thermal region of the color-color diagram. This system appears to be undergoing a series of mergers, supported by it being a member of a cluster. Its VLBI jet is bent, with diffuse emission on VLA scales. 1807+698 (3C 371) (BL Lac, z = 0.051): Optically disturbed source with a companion (projected separation 81 kpc). It is almost periodical in the optical. Variable in the infrared. The VLBA jet of this object appears straight. The VLA jet however appears bent and diffuse emission is present.
BBH / Post-merger candidates:
Here we select sources that exhibit variability in at least three wavelength regimes (almost periodic in at least one wavelength). Correlated variabilities are one of the strongest pieces of evidence for a BBH. These systems may also be identified as postmerger systems, as we expect these systems to contain a hard BBH system in their nuclei. 0219+428 (3C 66A) (BL Lac, z = 0.444): This object is positioned in the transitory region of the color-color diagram, thus is classified as an early post-merger system. Both the VLBI and VLA jet appear straight (with the VLBA jet exhibiting one sharp bend). It manifests almost periodic variability in the optical, and variability at radio and X-ray wavelengths. 0716+714 (BL Lac, unknown z): This source is variable in all wavelength regimes observed, with correlated variability on longer timescales in both the radio and the optical. It is a misaligned source with a bent jet on both VLBA and VLA scales. 0814+425 (OJ 425) (BL Lac, z = 0.245): Almost periodical variability in the radio and optical. Variable in the infrared. This system is positioned in the transitory region of the color-color diagram. Its VLBA jet appears bent. 0923+392 (4C 39.25) (quasar, z = 0.699): This source exhibits variability at different wavelengths (almost periodicity in the radio). Its VLBI jet is bent. No jet is resolved on VLA scales. It is positioned in the non-thermal region of the color-color diagram. 1101+384 (Mrk 421) (BL Lac, z = 0.031): VLBA jet appears to be straight. The VLA jet appears bent. It is almost periodically variable in the radio, optical, and X-rays. It is variable in the in-frared. 1418+546 (OQ 530) (BL Lac, z = 0.151): This object has a disturbed morphology. That it is positioned in the transitionary region of the color-color diagram and it exhibits periodicities in different wavelengths are both indicative of a post-merger galaxy. Its VLBI jet does not exhibit bends. It shows almost periodical variability in the radio. It is also variable in the infrared and optical. 1633+382 (4C 38.41) (quasar, z = 1.807): Misaligned source with bent jet on both VLBA and VLA scales. Almost periodic in radio. Variable in optical and γ-rays. 1641+399 (3C 345) (quasar, z = 0.595): This source appears to have a close companion (at a projected separation of 47 kpc) and is also member of a cluster, implying the possibility of multiple mergers. This source has already been modeled as BBH (Lobanov & Roland 2005) . The bent jet agrees well with the presence of a BBH system. Almost periodical in radio, optical, and X-rays. Variable also in the infrared. 2200+420 (BL Lac) (BL Lac, z = 0.069): This system is positioned in the non-thermal regime of the color-color diagram and appears almost periodical in radio and optical. It is also variable in infrared and γ-rays.
